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Abstract
Using quasipotential approach, we have studied exclusive semileptonic decays of heavy mesons
with the account of relativistic effects. Due to more complete relativistic description of the s quark
more precise expressions for semileptonic form factors are obtained. Various differential distributions
in exclusive semileptonic decays of heavy mesons are calculated. It is argued that consistent account
of relativistic effects and HQETmotivated choice of the parameters of quark-antiquark potential allow
to get reliable value for the ratio A2(0)/A1(0) in the D → K
∗lνl decay as well as the ratio Γ(D →
K∗lνl)/Γ(D → Klνl). All calculated branching ratios are in accord with available experimental data.
PACS number(s): 12.39Ki, 13.20He, 13.40Hq
1 Introduction
Semileptonic decays of heavy mesons provide an important tool to investigate quark dynamics and to
determine Cabibbo-Kobayshi-Maskawa (CKM) matrix elements. Hadron dynamics is contained in form
factors, which are Lorentz invariant functions of q2, the square of momentum transfer. These form factors
cannot be calculated from the first principles of QCD by now. Thus various potential models, sum rules
and lattice calculations have been proposed [1]–[6]. Recently considerable progress has been achieved in
describing heavy meson decays by the use of heavy quark effective theory (HQET) [7]. It has been found
that in the limit of infinitely heavy b and c quarks their mass and spin decouple from the dynamics of
the decay and the description of a process such as B → Dlνl is strongly simplified. For D decays HQET
predictions are less useful, because in this case symmetry breaking corrections appear to be rather large.
It is also important to note that since B and D mesons contain light quark, relativistic effects are quite
significant and consistent relativistic description of heavy-light quark system is necessary.
Our relativistic quark model (RQM), has some features that make it attractive and reliable for the
description of heavy mesons. Firstly, RQM provides a consistent scheme for calculation of all relativistic
corrections and allows for the heavy quark 1/mQ expansion. Secondly, it has been found [8] that the
general structure of leading, next- to-leading and second order 1/mQ corrections in RQM is in accord with
the predictions of HQET. The heavy quark symmetry and QCD impose some rigid constraints on the
parameters of the long-range confining potential of our model. It gives an additional motivation for the
choice of the main parameters of RQM and leads us to the conclusion that the confining quark-antiquark
potential in meson is predominantly Lorentz-vector (with the Pauli term), while the scalar potential is
anticonfining and helps to reproduce the initial nonrelativistic potential. This model has been applied to
the calculations of meson mass spectra [9], radiative decay widths [10], pseudoscalar decay constants [11],
rare radiative [12] and nonleptonic [13] decay rates. Semileptonic decays of B and D mesons have been
considered in our model in [14]. Here we refine our previous analysis with more complete account of
relativistic effects and HQET constraints. We also consider exclusive decay spectra and q2 dependence
of form factors.
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In Sect.2 we briefly describe RQM. Sect.3 is devoted to the calculation of form factors and semileptonic
branching ratios and contains analytical expressions and numerical results for the differential distributions
for the decays into pseudoscalar as well as vector final states. We give our conclusions in Sect.4.
2 Relativistic Quark Model
Our model is based on the quasipotential approach in quantum field theory [15]. A quark-antiquark
bound system with the mass M and relativistic momentum p in the center of mass system is described
by a single-time quasipotential wave function ΨM (p), projected onto positive-energy states. This wave
function satisfies the quasipotential equation
[
M2 − (p2 +m21)1/2 − (p2 +m22)1/2
]
ΨM (p) =
∫
d3q
(2π)3
V (p,q;M)ΨM (q), (1)
The quasipotential equation (1) can be transformed into a local Schro¨dinger-like equation [16][
b2(M)
2µR
− p
2
2µR
]
ΨM (p) =
∫
d3q
(2π)3
V (p,q;M)ΨM (q), (2)
where the relativistic reduced mass is
µR =
E1E2
E1 + E2
=
M4 − (m21 −m22)2
4M3
; (3)
E1 =
M2 −m22 +m21
2M
; E2 =
M2 −m21 +m22
2M
; E1 + E2 =M.
and the square of the relative momentum on the mass shell is
b2(M) =
[
M2 − (m1 +m2)2
] [
M2 − (m1 −m2)2
]
4M2
, (4)
m1,2 are the quark masses.
Now it is necessary to construct the quasipotential V (p,q;M) of the quark-antiquark interaction. As
well known from QCD, in view of the property of asymptotic freedom the one-gluon exchange potential
gives the main contribution at short distances. With the increase of the distance the long-range confining
interaction becomes dominant. At present the form of this interaction cannot be established in the
framework of QCD. The most general kernel of qq¯ interaction, corresponding to the requirements of
Lorentz invariance and of P and T invariance, contains [17], [18] scalar, pseudoscalar, vector, axial-vector
and tensor parts. The analysis carried out in [9], [17] has shown that the leading contributions to the
confining part of the potential should have a vector and scalar structure. On the basis of these arguments
we have assumed that the effective interaction is the sum of the one-gluon exchange term and the mixture
of long-range vector with scalar potentials. We have also assumed that at large distances quarks acquire
universal nonperturbative anomalous chromomagnetic moments and thus the vector long-range potential
contains the Pauli interaction. The quasipotential is defined by [9]
V (p,q;M) = u¯1(p)u¯2(−p)
(
4
3
αsDµν(k)γ
µ
1 γ
ν
2 + V
V
conf (k)Γ
µ
1Γ2;µ + V
S
conf (k)
)
u1(q)u2(−q), (5)
where αs is the QCD coupling constant, Dµν is the gluon propagator; γµ and u(p) are the Dirac matrices
and spinors; k = p− q; Γµ is the effective vector vertex at large distances,
Γµ(k) = γµ +
iκ
2m
σµνk
ν , (6)
2
κ is the anomalous chromomagnetic quark moment.
The complete expression for the quasipotential obtained from (5), (6) with the account of the rel-
ativistic corrections of order v2/c2 can be found in [9]. In the nonrelativistic limit vector and scalar
confining potentials reduce to
V Vconf (r) = (1− ε)(Ar +B), V Sconf (r) = ε(Ar +B), (7)
reproducing V confnonrel(r) = V
S
conf + V
V
conf = Ar +B, where ε is the mixing coefficient.
All the parameters of our model: quark masses, parameters of linear confining potential A and B,
mixing coefficient ε and anomalous chromomagnetic quark moment κ were originally fixed from the anal-
ysis of meson masses [9] and radiative decays [10]. Quark masses: mb= 4.88 GeV; mc= 1.55 GeV;
ms= 0.50 GeV; mu,d= 0.33 GeV and parameters of the linear potential: A= 0.18 GeV
2; B= −0.30 GeV
have standard values for quark models. The value of mixing coefficient of vector and scalar confining
potentials ε = −0.9 has been primarily chosen from the consideration of meson radiative decays, which
are rather sensitive to the Lorentz- structure of the confining potential [10]. Universal anomalous chro-
momagnetic moment of quarks κ = −1 has been fixed from the analysis of the fine splitting of heavy
quarkonia 3PJ states [9].
Recently, in the framework of RQM, the 1/mQ expansion of the matrix elements of weak currents
between pseudoscalar and vector heavy meson states has been performed [8]. It has been found that the
particular structure of 1/mQ corrections up to the second order predicted by HQET can be reproduced
in RQM only with some specific values of κ and ε. The analysis of the first order corrections [8] allowed
to fix κ = −1, while from the consideration of the second order corrections it has been obtained that
mixing parameter ε should be ε = −1. Thus HQET, and hence QCD, imposes strong constraints on the
parameters of the long-range confining potential. The obtained value of ε is very close to the previous one,
determined phenomenologically from radiative decays [10] and the value of κ coincides with the result,
obtained from the mass spectra [9]. Therefore, there is an important QCD and heavy quark symmetry
motivation for the choice of the main parameters of our model: ε = −1, κ = −1.
3 Exclusive Semileptonic Decay
3.1 Form Factors and Decay Widths
For semileptonic decay B → A(A∗)lνl of pseudoscalar meson B into pseudoscalar (vector) meson A(A∗)
the differential width can be written as
dΓ(B → A(A∗)lνl) = 1
2MB
| A(B → A(A∗)lνl) |2 dΦ, (8)
where
dΦ = (2π)4δ(4) (pB − pl − pνl − pA)
∏
i
d3pi
(2π)32Ei
, i = A, l, νl, (9)
pB is four-momentum of initial meson, pA is four-momentum of final meson, pl and pνl are four-momenta
of lepton and neutrino respectively.
The relevant transition amplitude looks like
A(B → A(A∗)lνl) = 〈A(A∗)lνl|Heff |B〉 = GF√
2
VabLµH
µ, (10)
where
Heff =
GF√
2
JµhadronJlepton;µ, (11)
Vab is the CKM matrix element connected with b→ a transition.
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The leptonic Lµ and hadronic Hµ currents are defined by
Lµ = l¯γµ(1− γ5)νl, (12)
Hµ = 〈A(A∗)|a¯γµ(1 − γ5)b|B〉, (13)
the initial meson B has the quark structure (bq¯) and the final meson A(A∗) has the quark structure (aq¯).
The matrix element of hadron current can be expressed in terms of Lorentz-invariant form factors
a) For 0− → 0− transition B → Alνl
〈A(pA)|JVµ |B(pB)〉 = f+(q2)(pA + pB)µ + f−(q2)(pB − pA)µ; (14)
b) For 0− → 1− transition B → A∗lνl
〈A∗(pA, e)|JVµ |B(pB)〉 = i
V (q2)
MA +MB
ǫµνρσe
∗ν(pA + pB)
ρ(pB − pA)σ; (15)
〈A∗(pA, e)|JAµ |B(pB)〉 = (MA +MB)A1(q2)e∗µ −
A2(q
2)
MA +MB
(e∗pB)(pA + pB)µ
+
A3(q
2)
MA +MB
(e∗pB)(pB − pA)µ; (16)
where q = pB − pA; JVµ = (a¯γµb) and JAµ = (a¯γµγ5b) are vector and axial parts of the weak current; eµ
is the polarization vector of A∗ meson.
Since q = pl+ pνl , the terms proportional to qν , i.e. f− and A3 give contributions proportional to the
lepton masses and do not influence significantly the transition amplitude, except for the case of heavy τ
lepton, and thus will not be considered.
The matrix element of the local current J between bound states in the quasipotential method has the
form [19]
〈A|Jµ(0)|B〉 =
∫
d3pd3q
(2π)6
Ψ¯A(p)Γµ(p,q)ΨB(q), (17)
where Γµ(p,q) is the two-particle vertex function and ΨA,B are meson wave functions projected onto the
positive energy quark states.
In the case of semileptonic decays Jµ = Jhadron;µ = J
V
µ − JAµ is the weak quark current and in order
to calculate its matrix element between meson states it is necessary to consider the contributions to Γ
from Figs. 1 and 2. The vertex functions obtained from these diagrams look like
Γ(1)µ (p,q) = u¯a(p1)γµ(1 − γ5)ub(q1)(2π)3δ(p2 − q2), (18)
and
Γ(2)µ (p,q) = u¯a(p1)u¯q(p2)
[
γ1µ(1− γ51)
Λ
(−)
b (k)
εb(k) + εb(p1)
γ01V (p2 − q2)
+V (p2 − q2) Λ
(−)
a (k′)
εa(k′) + εa(q1)
γ01γ1µ(1− γ51)
]
ub(q1)uq(q2), (19)
where k = p1 −∆; k′ = q1 +∆; ∆ = pB − pA; ε(p) = (m2 + p2)1/2;
Λ(−)(p) =
ε(p)− (mγ0 + γ0~γp)
2ε(p)
.
As one can see, the form of relativistic corrections resulting from Γ
(2)
µ (p,q) is explicitly dependent on the
Lorentz-structure of quark-antiquark potential.
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Our previous analysis of the semileptonic B → D(D∗) and D → K(K∗) transitions [14] was based
on the assumption that we could expand (19) up to the order p2/m2 with respect to both b and a
quarks. This assumption proved to be quite adequate in the case of B → Dlνl where both b and c quarks
are heavy. However, the final s quark is not heavy enough. It would be more accurate not to expand
Γ
(2)
µ (p,q) at all, but one should do it in order to perform one of the integrations in (17). Our statement
is that more reliable results for semileptonic D → K decays can be obtained by using p2/ε2a(p) expansion
instead of p2/m2 in (19).
It is also necessary to take into account that the wave function of final A meson ΨA,pA(p) is connected
with one in A rest frame ΨA,0(p) as follows [19]
ΨA,pA(p) = D
1/2
a (R
W
LpA)D
1/2
q (R
W
LpA)ΨA,0(p), (20)
where D1/2(R) is well-known rotation matrix and RW is the Wigner rotation.
The meson functions in the rest frame have been calculated [20] by numerical solution of the quasipo-
tential equation (2). However, it is more convinient to use analytical expressions for meson wave functions.
The examination of numerical results for the ground state wave functions of mesons containing at least
one light quark has shown that they can be well approximated by the Gaussian functions
ΨM (p) ≡ ΨM,0(p) =
(
4π
β2M
)3/4
exp
(
− p
2
2β2M
)
, (21)
with the deviation less than 5%.
The parameters are
βB = 0.41GeV; βK = βK∗ = 0.33GeV; βφ = 0.36GeV;
βD = 0.38GeV; βDs = 0.44GeV (22)
In the B meson rest frame equations (14)–(16) can be written in the three-dimensional form
a) For 0− → 0− transition B → Alνl
〈A(pA)|JV0 |B(pB)〉 = f+(q2)(MB + EA) + f−(q2)(MB − EA), (23)
〈A(pA)|JV |B(pB)〉 = (f−(q2)− f+(q2))∆, (24)
b) For 0− → 1− transition B → A∗lνl
〈A∗(pA, e)|JV0 |B(pB)〉 = i
V (q2)
MA +MB
ǫ0νρσ e˜
∗ν(pA + pB)
ρ(pB − pA)σ = 0, (25)
〈A∗(pA, e)|JV |B(pB)〉 = i 2MB
MA +MB
V (q2) [e˜∗∆] , (26)
〈A∗(pA, e)|JA0 |B(pB)〉 = e˜∗0
(
A1(q
2)(MA +MB)−A2(q2) MB
MA +MB
(MB + EA)
+A3(q
2)
MB
MA +MB
(MB − EA)
)
, (27)
〈A∗(pA, e)|JA|B(pB)〉 = A1(q2)(MA +MB)e˜−∆e˜∗0
MB
MA +MB
(A2(q
2) + A3(q
2)), (28)
where eµ = (0, e) is the polarization vector of A
∗ meson in its rest frame, e˜µ is the vector obtained from
eµ by the Lorentz transformation L∆
e˜µ = L∆eµ. (29)
The components of e˜µ look like
e˜0 =
e∆
MA
, e˜ = e+
∆(∆e)
MA(EA +MA)
= e+ e˜0
∆
EA +MA
. (30)
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Equations (23), (24) and (25)–(28) determine form factors f+, f− and V , A1, A2, A3 respectively.
Substituting the vertex functions (18) and (19), with the account of wave function transformation (20)
and quasipotential equation (1) in the matrix element (17) and using eqs. (23), (24) and (25)–(28) we
get the following expressions at q2 = q2max = (MB −MA)2 point
f+(q
2
max) = f
(1)
+ (q
2
max) + εf
(2)
+S(q
2
max) + (1− ε)f (2)+V (q2max), (31)
A1(q
2
max) = A
(1)
1 (q
2
max) + εA
(2)
1S (q
2
max) + (1 − ε)A(2)1V (q2max), (32)
A2(q
2
max) = A
(1)
2 (q
2
max) + εA
(2)
2S (q
2
max) + (1 − ε)A(2)2V (q2max), (33)
V (q2max) = V
(1)(q2max) + εV
(2)
S (q
2
max) + (1− ε)V (2)V (q2max), (34)
where f
(1)
+ , f
(2)
+S,V , A
(1)
1,2, A
2
1S,V , A
(2)
2S,V , V
(1) and V
(2)
S,V are given in Appendix A. In (31)–(34) indeces
(1) and (2) correspond to the diagrams in Figs. 1 and 2, S and V correspond to the scalar and vector
potentials of quark-interaction.
Now our concern is to find q2 dependence of the form factors. Components of axial and vector currents
can be expressed in terms of two functions F1(∆) and F2(∆), ∆ = pB − pA,
JV0 (∆) = F2(∆), (35)
JV (∆) =
∆+ i[e∗∆]
2ma
F1(∆), (36)
JA0 (∆) =
(e∗∆)
2ma
F1(∆), (37)
JA(∆) = e∗F2(∆). (38)
Functions F1 and F2 arise from the lower and the upper components of Dirac spinors
uλa(p) =
(
εa(p) +ma
2εa(p)
)1/2( 1
~σp
εa(p)+ma
)
χλ, (39)
and are equal to
F1(∆) =
2ma
εa(q+∆) +ma
(
εa(q+∆) +ma
2εa(q+∆)
)1/2√
EA
MA
, (40)
F2(∆) =
(
εa(q+∆) +ma
2εa(q+∆)
)1/2√
EA
MA
. (41)
Near q2 = q2max it can be written as
F1(∆) =
√
2(1 +∆2/M2A)
1/2(
1 +∆2/m2a +
√
1 +∆2/m2a
)1/2 , (42)
F2(∆) =
1√
2
(
1 +
1√
1 +∆2/m2a
)1/2(
1 +
∆2
M2A
)1/2
. (43)
The dependence of the formfactors on the momentum transfer is fixed by extrapolating their behavior
near q2 = q2max (∆ = 0) point over the kinematically allowed region
f+(∆) = f+(0)I(∆)F1(∆), (44)
A1(∆) = A1(0)I(∆)F2(∆), (45)
A2(∆) = A2(0)I(∆)F1(∆), (46)
V (∆) = V (0)I(∆)F1(∆), (47)
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where
I(∆) =
∫
d3p
(2π)3
Ψ¯A
(
p+
2εq
EA +MA
∆
)
ΨB(p). (48)
Introducing the variable
w ≡ vAvB = M
2
B +M
2
A − q2
2MAMB
, (49)
where vA and vB are meson velocities, and taking into account that
∆2 = (pB − pA)2 = (M
2
B +M
2
A − q2)2
4M2B
−M2A =M2A(w2 − 1), (50)
we can rewrite (44)–(47) in the form
f+(w) = f+(1)I(w)
(
2
w + 1
)1/2
, (51)
A1(w) = A1(1)I(w)
(
w + 1
2
)1/2
, (52)
A2(w) = A2(1)I(w)
(
2
w + 1
)1/2
, (53)
V (w) = V (1)I(w)
(
2
w + 1
)1/2
, (54)
Substitution of the Gaussian wave functions (21) in (48) results in
I(w) = exp
(
− 2Λ¯
2
β2MA + β
2
MB
w − 1
w + 1
)
I(1), (55)
where Λ¯ =< εq > is a mean value of light quark energy inside meson. In our model Λ¯ corresponds to
HQET parameter Λ¯ =M −mQ, which determines the energy carried by light degrees of freedom, and is
found to be [9]: Λ¯ = 0.54 GeV.
In the limit of infinitely heavy b and a quarks the w dependence of eqs. (51)–(55) is determined by
the Isgur-Wise function of our model
ξ(w) =
(
2
w + 1
)1/2
exp
(
− Λ¯
2
β2
w − 1
w + 1
)
(56)
and the ratios of form factors satisfy all constraints imposed by HQET [7].
Using (31)–(34) and (??)–(??) we have calculated form factors for B → D(D∗)lνl, D → K(K∗)lνl
and Ds → ϕlνl exclusive decays. The results obtained in our model for D → K(K∗)lνl are compared with
appropriate experimental data and various model predictions in Table 1. New values of form factors for
D → K(K∗)lνl are somewhat larger then our previous results [14] because of more consistent relativistic
treatment of s quark and slight change in the value of the mixing coefficient ε. Note that while the other
potential models agree with the experimental determination of V (0), but fail to predict A1(0) and A2(0),
our model predicts correct values of A1(0) and A2(0), but gives too low value of V (0). The reason for that
is not clear. The contribution from form factor V (0) in the total width is kinematicaly suppresed. So,
despite the above mentioned descripancy, we have got the D → K∗lνl width in accord with experimental
data.
The ratios of form factors R2 = A2(0)/A1(0) and RV = V (0)/A1(0) are given in Table 2.
The obtained branching ratios are
B(D0 → K∗−e+νe) = 1.9%, for τD0 = 0.415× 10−12s;
7
B(D+ → K¯∗0e+νe) = 4.9%, for τD+ = 1.060× 10−12s;
to be compared with the experimental average data [22]
Bexp(D0 → K∗−e+νe) = (2.0± 0.4)%,
Bexp(D+ → K¯∗0e+νe) = (4.8± 0.4)%.
The ratio Γ(D → K∗eνe)/Γ(D → Keνe) and the ratio of the longitudinal and transverse decay widths
ΓL/ΓT also agree well with experiment (see Table 3).
For Ds → ϕlνl decay form factors our predictions are
A1(0) = 0.63, A2(0) = 0.35 and V (0) = 1.06.
As experiment provides us with R2 and RV ratios for Ds → ϕlνl, we compare it with predicted values
in Table 4. It is not clear why experimental ratio R2 for Ds → ϕlνl so differs from that of D → K∗lνl.
In RQM we get approximately equal ratios R2 for both decays, because general structure and the signs
of the potential-dependent corrections in (31)–(34) are almost the same. It can be expected that the
experimental results for Ds → ϕlνl form factor ratios will change in the future. Anyway, the experimental
uncertainties are still too large to conclude that there is a serious descripancy between RQM and the
experimental data in this case.
For Ds → ϕlνl branching ratio we have B(Ds → ϕlνl) = 2.5%, while experiment gives Bexp(Ds →
ϕlνl) = (1.88± 0.29)% [22].
In B → D∗lνl decay, since both b and c quarks are heavy, relativistic corrections are not so significant,
but the Lorentz- structure of quark-antiquark potential has an important influence on the values of form
factors. We have found our results for R2 and RV to be in a good agreement with the experimental
data [23] and HQET-based predictions [25]. Measurments and predictions for the ratios of the form
factors for B → D∗lνl, evaluated at q2 = q2max, are shown in Table 5. We have obtained the following
results for B → D∗lνl and B → Dlνl branching ratios
B(B → D∗lνl) = 33.8× |Vbc|2, B(B → Dlνl) = 19.8× |Vbc|2, for τB0 = 1.5× 10−12s.
It should be compared to the experimental data
B(B0 → D−e+νe) = (2.0± 0.7± 0.6)% ARGUS [26]
B(B0 → D−e+νe) = (1.8± 0.6± 0.3)% CLEO- I [27]
B(B0 → D∗−e+νe) = (4.7± 0.5± 0.5)% ARGUS [28]
B(B0 → D∗−e+νe) = (4.0± 0.4± 0.6)% CLEO- I [27].
As a result we can extract the value of CKM matrix element Vcb
|Vcb| = 0.036± 0.004.
3.2 Differential Distributions
The differential decay rate [21] can be expressed in terms of two dimensionless variables x = El/MB and
w = vAvB, where El is the lepton energy
d2Γ
dxdw
=
|Vab|2G2FM5B
32π3
[(2MA
MB
w − 1− ρ
)(
W1(w) − 2W3(w)
(
1− 2x− MA
MB
w
))
+2W2(w)
(
ρ+ (1− 2x)2 − 2MA
MB
w(1 − 2x)
)]
, (57)
Here W1,2,3(w) are connected with semileptonic form factors
a) For 0− → 0− transition
W1(w) = 0, (58)
W2(w) =
2MA
MB
|f+(w)|2, (59)
W3(w) = 0, (60)
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b) For 0− → 1− transition
W1(w) =
2MA
MB
(
1 +
MA
MB
)2
A21(w) +
2MA
MB
4M2A
(MA +MB)2
V 2(w)(w2 − 1), (61)
W2(w) =
MB
2MA
(
1 +
MA
MB
)2
A21(w) −
2MAMB
MA +MB
V 2(w)
(
1 + ρ− 2MA
MB
w
)
+2A1(w)A2(w)
(
MA
MB
− w
)
+
2MAMB
(MA +MB)2
A22(w)(w
2 − 1), (62)
W3(w) =
4MA
MB
A1(w)V (w). (63)
The kinematiclly allowed region is presented in Fig. 3 where the lower bound curve wm(x) has the
following shape
wm(x) =
MB
2MA
(1 − 2x) + MA
2MB
1
1− 2x. (64)
The analytical expression for dΓ/dx distribution depends on q2 behavior of form factors. Using (51)–(55),
we obtain after the integration over w
dΓ
dx
=
G2F |Vcb|2M5B
32π3
[
e−α
wm(x)−1
wm(x)+1K1(x) + sinh (αχ−(x))e
−αχ+(x)K2(x) +K3(x)
∫ w0
wm(x)
dw e−α
w−1
w+1
]
, (65)
where
χ−(x) =
4MAM
3
B
(MA +MB)4
x(1−R)
1− 2M2B(MA+MB)2x(1 −R)
, (66)
χ+(x) =
(
MB −MA
MB +MA
)2 1− M2A+M2B
M2
B
−M2
A
2M2
B
M2
B
−M2
A
x(1 −R)
1− 2M2B
M2
B
−M2
A
x(1−R)
, (67)
R =
ρ
1− 2x, ρ =
M2A
M2B
, α =
4Λ¯2
β2MA + β
2
MB
, w0 =
M2B +M
2
A
2MAMB
.
Functions K1,2,3(x) take different forms for 0
− → 0− and 0− → 1− decays and are given in Appedix B.
The (1/Γ)(dΓ/dx) distributions for B → D(D∗)lνl, D → K(K∗)lνl and Ds → ϕlνl decays are shown
in Figs. 4– 6. All curves are normalised by the corresponding decay width Γ, i.e. the area under each
curve is equal to 1.
4 Conclusion
Using the quasipotential approach, we have obtained the expressions for semileptonic decay form factors
with the consistent account of relativistic effects. This account includes more careful consideration of
the s quark contribution than it was in our previous work [14] and results in the small shift in the
values of D → K(K∗)lνl decay form factors, which are in a good agreement with measurments. Our
model provides more accurate values for the ratio A2(0)/A1(0) in the D → K(K∗)lνl decay and for the
ratio Γ(D → K∗lνl)/Γ(D → Klνl) in comparison with the other models. We have also calculated form
factors and branching ratios for B → D(D∗)lνl, D → K(K∗)lνl and Ds → ϕlνl. The extracted value of
|Vcb| = 0.036 ± 0.003 is lower than the previous one [14] because of the changes in the form factors as
well as in the B meson lifetime. We should emphasize that in order to get reliable results for D meson
semileptonic decays it is necessary to take into consideration all possible relativistic effects, including the
transformation of meson wave function (20) from the rest frame, which is ignored in many quark models.
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The proposed q2 dependence of the form factors is used for the determination of differential semilep-
tonic distributions in the case of pseudoscalar and vector final states.
It should be noted that obtained expressions for semileptonic form factors are valid for all B and
D meson decays, except the decays into mesons containing two light quarks (π, ρ mesons), where one
cannot expand in either p2/m2 or p2/ε2 at q2 = q2max point in the vertex function (19). The solution of
this problem is proposed in [34].
The analysis has shown that Lorentz-structure of quark-antiquark potential plays an important role
in heavy meson semileptonic decays. We have got experimentally motivated and HQET based arguments
to conclude that the confining potential has predominantly Lorentz-vector (with Pauli-term) structure
ε = −1. Assuming also long-range anomalous chromomagnetic moment of quark to be κ = −1 we have
obtained satisfactory description of all considered B and D semileptonic decays.
We argue that small number of parameters, most of which were fixed previously, and an agreement
with HQET for the structure of leading, subleading and second order terms in 1/mQ expansion make
RQM a reliable tool for the investigation of heavy meson physics.
In this paper we have restricted ourselves with 0− → 0− and 0− → 1− transitions. One more
practically important case of the decay into P wave final state (i.e. B → D∗∗lνl) will be considered in
the future.
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Appendix A. Exclusive Semileptonic Decay Form Factors at q2 =
q2max point
arXiv note - added Dec99 - TeX source for this appendix was corrupt on initial submis-
sion, changed to verbatim environment so that the rest of the paper can be processed.
\medskip
\begin{eqnarray}
\label{35}
\nonumber
f_+^{(1)}(\qm)&=&\sqrt{\frac{M_A}{M_B}}\int\frac{d^3{\bf p}}{(2\pi)^3}
\bar\Psi_A({\bf
p})\left(\frac{\varepsilon_a+m_a}{2\varepsilon_a}\right)^{1/2}
\Bigg[1+\frac{M_B-M_A}{\varepsilon_a+m_a}
-\frac{{\bf p}^2}{8}\bigg(\frac{1}{m_b^2}
-\frac{4}{m_b(\varepsilon_a+m_a)}\\
\nonumber
&&+\frac{M_B-
M_A}{\varepsilon_a+m_a}\Big(\frac{1}{m_b^2}+\frac{4}{\varepsilon_a
(\varepsilon_a+m_a)}+\frac{2}{3\varepsilon_am_a}\Big)+\frac{4}{3}\frac
\nonumber
&&\times\Big(\frac{1}{\varepsilon_a+m_a}-
\frac{1}{2m_b}\Big)\frac{\varepsilon_a
-\varepsilon_q}{\varepsilon_a \varepsilon_q} \bigg)
+\frac{M_B-M_A}{3}\bigg(\frac{1}{\varepsilon_a+m_a}+
\frac{1}{2m_b}\\
&&-\frac{{\bf p}^2}{8m_b^2}\Big(
\frac{1}{\varepsilon_a+m_a}+\frac{3}{2m_b}
\Big)\Bigg)\frac{\varepsilon_q}{M_A}({\bf p}\overleftarrow
{\frac{\partial}{\partial{\bf p}}})\Bigg]\Psi_B({\bf p}),\\
\label{36}
\nonumber
f_{+S}^{(2)}(\qm)&=&\sqrt{\frac{M_A}{M_B}}\int\frac{d^3{\bf
p}}{(2\pi)^3}
\bar\Psi_A({\bf
p})\left(\frac{\varepsilon_a+m_a}{2\varepsilon_a}\right)^{1/2}
\Bigg[-\frac{M_B-M_A}{2\varepsilon_a}\frac{M_B-\varepsilon_b-
\varepsilon_q}
{\varepsilon_a}+
\frac{M_B-M_A}{12\varepsilon_a}{\bf p}^2\\
\nonumber
&&\times\Big(\frac{1}{\varepsilon_a^2}+\frac{1}{m_b^2}\Big)-
\frac{M_B-M_A}{12}\Big(\frac{1}{\varepsilon_a^2}+\frac{1}{m_b^2}\Big)
\big(M_B+M_A-\varepsilon_b-\varepsilon_a-2\varepsilon_q\big)\\
&&\times\frac{\varepsilon_q}{M_A}({\bf p}\overleftarrow
{\frac{\partial}{\partial{\bf p}}})\Bigg]\Psi_B({\bf p}),\\
\label{37}
\nonumber
f_{+V}^{(2)}(\qm)&=&\sqrt{\frac{M_A}{M_B}}\int\frac{d^3{\bf
p}}{(2\pi)^3}
\bar\Psi_A({\bf
p})\left(\frac{\varepsilon_a+m_a}{2\varepsilon_a}\right)^{1/2}
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\Bigg[\frac{M_B-M_A}{\varepsilon_a}\frac{{\bf
p}^2}{12}\bigg((1+\kappa)
\Big(\frac{1}{\varepsilon_a^2}-\frac{1}{m_b^2}\Big)\\
\nonumber
&&-
\frac{1}{\varepsilon_q}\Big(\frac{2}{\varepsilon_a+m_a}+\frac{1}{m_b}
\Big)\bigg)+
\frac{M_B-M_A}{12}(1+\kappa)\Big(\frac{1}{\varepsilon_a^2}-
\frac{1}{m_b^2}
\Big)\big(M_B-M_A-\varepsilon_q+\varepsilon_a\big)\\
\nonumber
&&\times\frac{\varepsilon_q}{M_A}({\bf p}\overleftarrow
{\frac{\partial}{\partial{\bf p}}})
+\frac{M_B-M_A}{6\varepsilon_q}\Big(\frac{1}{\varepsilon_a+m_a}
+\frac{1}{2m_b}\Big)\big(M_B+M_A-\varepsilon_b-\varepsilon_a-
2\varepsilon_q\big)\\
&&\times\frac{\varepsilon_q}{M_A}({\bf p}\overleftarrow
{\frac{\partial}{\partial{\bf p}}})\Bigg]\Psi_B({\bf p}),\\
\nonumber
A_1^{(1)}(\qm)&=&(M_A+M_B)\sqrt{4M_AM_B}\int\frac{d^3{\bf
p}}{(2\pi)^3}
\bar\Psi_A({\bf
p})\left(\frac{\varepsilon_a+m_a}{2\varepsilon_a}\right)^{1/2}
\bigg(1-\frac{{\bf p}^2}{8}\Big(\frac{1}{m_b^2}\\
&&+\frac{4}{3(\varepsilon_a+m_a)m_b}\Big)\bigg)\Psi_B({\bf p}),\\
\label{39}
A_{1S}^{(2)}(\qm)&=&A_{1V}^{(2)}(\qm)=0,\\
\label{40}
\nonumber
A_2^{(1)}(\qm)&=&\frac{1}{(M_A+M_B)\sqrt{4M_AM_B}}\int\frac{d^3{\bf
p}}
{(2\pi)^3}\bar\Psi_A({\bf
p})\left(\frac{\varepsilon_a+m_a}{2\varepsilon_a}
\right)^{1/2}\Bigg[\bigg(1+\frac{M_A}{M_B}\bigg)\\
\nonumber
&&\times\bigg(1
-\frac{{\bf
p}^2}{2}\Big(\frac{1}{4m_b^2}+\frac{1}{3m_b(\varepsilon_a+m_a)}
\Big)\bigg)-
\frac{2M_A^2}{M_B(\varepsilon_a+m_a)}\bigg(1-\frac{{\bf p}^2}{8}
\Big(\frac{1}{m_b^2}\\
\nonumber
&&+\frac{4}{\varepsilon_a(\varepsilon_a+m_a)}+
\frac{2}{3\varepsilon_am_b}\Big)
-\frac{{\bf p}^2}{6M_A\varepsilon_a}
\Big(1+\frac{\varepsilon_a+m_a}{2m_b}\Big)\bigg)\\
\nonumber
&&-\frac{2M_A\varepsilon_q}{(\varepsilon_a+m_a)M_B}\bigg(
\frac{1}{3}\Big(1+\frac{\varepsilon_a+m_a}{2m_b}
-\frac{{\bf p}^2}{8m_b^2}
\Big(1+\frac{3(\varepsilon_a+m_a)}{2m_b}\Big)\Big)\\
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&&+\frac{M_B-M_A}{3m_b}\Big(1-\frac{3{\bf p}^2}{8m_b^2}\Big)\bigg)
({\bf p}\overleftarrow
{\frac{\partial}{\partial{\bf p}}})\Bigg]\Psi_B({\bf p}),\\
\label{41}
\nonumber
A_{2S}^{(2)}(\qm)&=&\frac{1}{(M_A+M_B)\sqrt{4M_AM_B}}\int\frac{d^3{\bf
{(2\pi)^3}\bar\Psi_A({\bf
p})\left(\frac{\varepsilon_a+m_a}{2\varepsilon_a}
\right)^{1/2}\frac{M_A^2}{\varepsilon_aM_B}\Bigg[-\frac{M_B-
\varepsilon_b
-\varepsilon_q}{\varepsilon_a}\\
\nonumber
&&+\frac{{\bf
p}^2}{6}\Big(\frac{1}{\varepsilon_a^2}+\frac{1}{m_b^2}\Big)-
\frac{\varepsilon_a}{6}\big(M_B+M_A-\varepsilon_b-\varepsilon_a-
2\varepsilon_q\big)
\Big(\frac{1}{\varepsilon_a^2}+\frac{1}{m_b^2}\Big)\frac{\varepsilon_q
{M_A}({\bf p}\overleftarrow
{\frac{\partial}{\partial{\bf p}}})\Bigg]\Psi_B({\bf p}),\\
\\
\label{42}
\nonumber
A_{2V}^{(2)}(\qm)&=&\frac{1}{(M_A+M_B)\sqrt{4M_AM_B}}\int\frac{d^3{\bf
{(2\pi)^3}\bar\Psi_A({\bf
p})\left(\frac{\varepsilon_a+m_a}{2\varepsilon_a}
\right)^{1/2}\Bigg[\frac{M_A^2}{\varepsilon_aM_B}\bigg(\frac{{\bf
p}^2}{6}
(1+\kappa)\\
\nonumber
&&\times\Big(\frac{1}{\varepsilon_a^2}-\frac{1}{m_b^2}\Big)+
\frac{\varepsilon_a}{6}\big(M_B-M_A-\varepsilon_b+\varepsilon_a\big)
(1+\kappa)\Big(\frac{1}{\varepsilon_a^2}-\frac{1}{m_b^2}\Big)
\frac{\varepsilon_q}{M_A}({\bf p}\overleftarrow
{\frac{\partial}{\partial{\bf p}}})\bigg)\\
&&-\frac{{\bf p}^2}{6\varepsilon_q}
\nonumber
\Big(\frac{2}{\varepsilon_a+m_a}
+\frac{1}{m_b}\Big)+
\frac{\varepsilon_a}{6M_A}\Big(\frac{2}{\varepsilon_a+m_a}+\frac{1}{m_
&&\times\big(M_B+M_A-\varepsilon_b-\varepsilon_a-2\varepsilon_q\big)
({\bf p}\overleftarrow
{\frac{\partial}{\partial{\bf p}}})\Bigg]\Psi_B({\bf p}),\\
\label{43}
\nonumber
V^{(1)}(q^2_{max})&=&\frac{1}{M_A+M_B}\sqrt{\frac{M_A}{M_B}}\int\frac{
{(2\pi)^3}\bar\Psi_A({\bf
p})\left(\frac{\varepsilon_a+m_a}{2\varepsilon_a}
\right)^{1/2}\frac{1}{\varepsilon_a+m_a}\Bigg[1-\frac{{\bf p}^2}{8}
\Big(\frac{1}{m_b^2}\\
\nonumber
&&+\frac{4}{\varepsilon_a(m_a+\varepsilon_a)}
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-\frac{2}{3\varepsilon_am_b}\Big)-
\frac{{\bf p}^2}{12M_A}\Big(1+\frac{\varepsilon_a+m_a}{2m_b}\Big)
\frac{\varepsilon_a+\varepsilon_q}{\varepsilon_a\varepsilon_q}-
\frac{{\bf p}^2}{12M_A\varepsilon_a}\Big(1-
\frac{\varepsilon_a+m_a}{2m_b}\Big)\\
&&+\frac{1}{3}\Big(1-\frac{\varepsilon_a+m_a}{2m_b}-\frac{{\bf
p}^2}{8m_b^2}
\Big(1+\frac{3(\varepsilon_a+m_a)}{2m_b}\Big)\Big)
\frac{\varepsilon_q}{M_A}({\bf p}\overleftarrow
{\frac{\partial}{\partial{\bf p}}})\Bigg]\Psi_B({\bf p}),\\
\label{44}
\nonumber
V^{(2)}_S(q^2_{max})&=&\frac{1}{M_A+M_B}\sqrt{\frac{M_A}{M_B}}\int\fra
{(2\pi)^3}\bar\Psi_A({\bf
p})\left(\frac{\varepsilon_a+m_a}{2\varepsilon_a}
\right)^{1/2}\frac{1}{2\varepsilon_a}\Bigg[-\frac{M_B-\varepsilon_b
-\varepsilon_q}{\varepsilon_a}\\
\nonumber
&&+\frac{{\bf p}^2}{6}\Big(\frac{1}{\varepsilon_a^2}-
\frac{1}{m_b^2}\Big)-
\frac{\varepsilon_a}{6}\big(M_B+M_A-\varepsilon_b-\varepsilon_a-
2\varepsilon_q\big)\\
&&\times\Big(\frac{1}{\varepsilon_a^2}-
\frac{1}{m_b^2}\Big)\frac{\varepsilon_q}
{M_A}({\bf p}\overleftarrow
{\frac{\partial}{\partial{\bf p}}})\Bigg]\Psi_B({\bf p}),\\
\label{45}
\nonumber
V^{(2)}_V(q^2_{max})&=&\frac{1}{M_A+M_B}\sqrt{\frac{M_A}{M_B}}\int\fra
{(2\pi)^3}\bar\Psi_A({\bf
p})\left(\frac{\varepsilon_a+m_a}{2\varepsilon_a}
\right)^{1/2}\frac{1}{2\varepsilon_a}\Bigg[\Big(\frac{{\bf p}^2}{6}
+\frac{\varepsilon_a}{6}\\
\nonumber
&&\times\big(M_B-M_A-\varepsilon_b+\varepsilon_a\big)
\times\frac{\varepsilon_q}{M_A}({\bf
p}\overleftarrow{\frac{\partial}{\partial
{\bf p}}})\Big)
(1+\kappa)\Big(\frac{1}{\varepsilon_a^2}+\frac{1}{m_b^2}-
\frac{1}{\varepsilon_q}\Big(\frac{2}{\varepsilon_a+m_a}+
\frac{1}{m_b}\Big)\Big)\\
\nonumber
&&-\frac{{\bf
p}^2\varepsilon_a}{6\varepsilon_q}\Big(\frac{2}{\varepsilon_a+m_a}
-\frac{1}{m_b}\Big)
+\frac{\varepsilon_a}{6M_A}
\big(M_B+M_A-\varepsilon_b-\varepsilon_a-2\varepsilon_q\big)\\
&&\times\Big(\frac{2}{\varepsilon_a+m_a}-\frac{1}{m_b}\Big)({\bf
p}\overleftarrow
{\frac{\partial}{\partial{\bf p}}})\Bigg]\Psi_B({\bf p}),
\end{eqnarray}
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here $({\bf p}\overleftarrow{\partial/\partial{\bf p}})$ acts
to the left on the wave function $\bar\Psi_A({\bf p})$.
In the limit ${\bf p}^2/m^2\to 0$ the above form factors reduce to the
standard expressions, obtained in the nonrelativistic quark models.
Appendix B. Functions K1,2,3(x) for (1/Γ)dΓ/dx Differential Distri-
butions
a) In the case of 0− → 0− transition
K1(x) =
2MA
MB
x(1 − 2x)(1 −R)|f+(1)|2, (68)
K2(x) =
2MA
MB
(
1 +
MA
MB
)2
(1− 2x)|f+(1)|2, (69)
K3(x) =
MA
MB
(
ρ+ (1− 2x)2 + 2MA
MB
(1 − 2x)− 4MA
MB
α(1− 2x)
)
|f+(1)|2. (70)
b) In the case of 0− → 1− transition
K1(x) =
MB
MA
x(1 −R)(G1(x) + αG2(x) + 2
3
α2G3(x)
)
+
1
2
(
G2(x) +
2
3
αG3(x)
)
×
(
x(1− r)(1 + MB
MA
)2 − M2B
M2A
x2(1−R)2
)
+
1
3
G3(x)
(3MB
MA
x(1 −R) (MA +MB)
4
4M2AM
2
B
+
3M2B
M2A
(MA +MB
2MAMB
)2
x2(1−R)2 −
(MA +MB
8M3AM
3
B
)6
x3(1−R)3
)
, (71)
K2(x) = − (MA +MB)
2
MAMB
(
G1(x) + αG2(x) +
2
3
α2G3(x)
)
− (MA +MB)
4
M2AM
2
B
(
G2(x) +
2
3
αG3(x)
)− (MA +MB)6
12M3AM
3
B
G3(x), (72)
K3(x) = −G4(x)− 2αG1(x) − 2α2G2(x)− 4
3
α3G3(x), (73)
where G1,2,3,4(x) depend on the values of form factors at w = 1 point
G1(x) = V
2(1)
(
16M2A
(MA +MB)2
(
1− 2x+ MA
MB
)2
− 16M
2
A
M2B
(
1− 2x+ 2MA
MB
))
+
16MAMB
(MA +MB)2
A22(1)
(
1− 2x+ MA
MB
)2
− 8MA
MB
A1(1)V (1)
(
1 +
MA
MB
)2(
1− 2x+ MA
MB
)
−4MA
MB
A1(1)A2(1)
(
1 +
MB
MA
)(
1− 2x+ MA
MB
)2
, (74)
G2(x) =
16M2A
(MA +MB)2
MA
MB
V 2(1)
(
2(1− 2x) + (1 + MA
MB
)2
+
4MA
MB
)
− 8MAMB
(MA +MB)2
A22(1)
×
((
1− 2x+ MA
MB
)2
+
4MA
MB
(1− 2x)
)
+
MA
MB
A21(1)
(
1 +
MA
MB
)2((
1 +
MA
MB
)2
× M
2
B
2M2A
(
1− 2x+ MA
MB
)2)
+
8M2A
M2B
A1(1)V (1)
(
2(1− 2x) + (1 + MA
MB
)2
+
2MA
MB
)
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+4A1(1)A2(1)
(
1− 2x+ MA
MB
)2
+
8MA
MB
A2(1)A1(1)(1 − 2x)
(
1 +
MA
MB
)
, (75)
G3(x) = −8MA
MB
A1(1)A2(1)(1− 2x)− 16M
3
A
M3B
A1(1)V (1) +
16M2A
(MA +MB)2
(
A22(1)(1− 2x)
−2M
2
A
M2B
V 2(1)
)
+
2M2A
M2B
(
1 +
MA
MB
)2
A21(1)
(
− 1 + M
2
B
2M2A
(1− 2x)
)
, (76)
G4(x) =
8MAMB
(MA +MB)2
V 2(1)
(
1 +
MA
MB
)(
1− 2x+ MA
MB
)2
. (77)
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Table 1. Theoretical predictions and experimental data for form factors in D → Klνl and D → D∗lνl.
Ref. f+(0) V0(0) A1(0) A2(0)
Exp. Average [22] 0.75± 0.02± 0.02 1.1± 0.2 0.56± 0.04 0.40± 0.08
Theory
RQM 0.73 0.62 0.63 0.43
ISGW [1] 0.82 1.1 0.8 0.8
BSW [2] 0.76 1.3 0.88 1.2
AW [3] 0.7 1.5 0.8 0.6
BKS [4] 0.9± 0.08± 0.21 1.4± 0.5± 0.5 0.8± 0.1± 0.3 0.6± 0.1± 0.2
LMMS [5] 0.63± 0.08 0.9± 0.1 0.53± 0.03 0.2± 0.2
BBD [6] 0.6 1.1 0.5 0.6
Table 2. Calculated and measured D → K∗lνl form factor ratios R2 = A2(0)/A1(0) and RV =
V (0)/A1(0).
Ref. R2(0) RV (0)
Experiment
E691 [30] 0.0± 0.5± 0.2 2.0± 0.6± 0.3
E653 [31] 0.82+0.22
−0.23 ± 0.11 2.00+0.34−0.32 ± 0.16
E687 [32] 0.78± 0.18± 0.10 1.74± 0.27± 0.28
Theory
RQM 0.68 0.98
ISGW [1] 1.0 1.37
BSW [2] 1.36 1.48
AW [3] 0.75 1.87
BBD [6] 1.2 2.2
Table 3. The ratios Γ(D → K∗lνl)/Γ(D → Klνl) and ΓL/ΓT in comparison with the experimental data.
Ref. Γ(K∗)/Γ(K) ΓL/ΓT
RQM 0.65 1.05
Experiment
E691 [30] 1.8+0.6
−0.4 ± 0.3
E653 [31] 1.18± 0.18± 0.08
E687 [32] 1.20± 0.13± 0.13
CLEO [33] 0.60± 0.09± 0.07
CLEO [33] 0.65± 0.09± 0.10
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Table 4. Measured and calculated ratios of form factors in Ds → φlνl.
Ref. R2(0) RV (0)
Exp. Average [22] 1.8± 0.5 2.0± 0.7
CLEO [35] 1.4± 0.5± 0.3 0.9± 0.6± 0.3
E653 [36] 2.1+0.6
−0.5 ± 0.2 2.3+1.1−0.9 ± 0.4
Theory
RQM 0.55 0.94
BKS [4] 2.0± 0.19± 0.23 0.78± 0.08± 0.15
LMMS [5] 1.65± 0.2 0.33± 0.36
Table 5. Predicted and measured ratios of form factors in B → D∗lνl at q2 = q2max.
Ref. R2(q
2
max) RV (q
2
max)
Experiment
CLEO [23] a) 1.02± 0.24 1.07± 0.57
CLEO [23] b) 0.79± 0.28 1.32± 0.62
Theory
RQM 1.16 1.74
ISGW [1] 1.14 1.27
WSB [2] 1.06 1.14
HQET-based [24] 1.26 1.26
HQET-based [25] 1.14 1.74
Figure Captions
Fig.1 Lowest order vertex function.
Fig.2 Vertex function with account of the quark interaction. Dashed line corresponds to the effective
potential (5). Bold line denotes the negative-energy part of quark propagator.
Fig.3 Allowed region for semileptonic B → A(A∗)lνl decay in terms of the variables w and x. Lower
bound curve wm(x) is determined by (64), upper bound is w0 = (M
2
A +M
2
B)/(2MAMB).
Fig.4 (1/Γ)(dΓ/dx) for B → Dlνl and B → D∗lνl. Absolute rates dΓ/dx can be obtained by using
Γ(D) = 1.71× 1010s−1 and Γ(D∗) = 2.92× 1010s−1 for τB0 = 1.5× 10−12 and |Vbc| = 0.036.
Fig.5 (1/Γ)(dΓ/dx) for D → Klνl and D → K∗lνl. Absolute rates dΓ/dx can be obtained by using
Γ(K) = 6.68× 1010s−1 and Γ(K∗) = 4.34× 1010s−1 for τD0 = 0.415× 10−12s , τD+ = 1.06× 10−12s.
Fig.6 (1/Γ)(dΓ/dx) for Ds → φlνl. Absolute rate dΓ/dx can be obtained by using Γ = 5.42 × 1010s−1
for τDs = 0.47× 10−12s.
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